Fusarium circinatum is the causal agent of the Pitch Canker disease, which was first detected in Spain in 2004. Not only Pinus species seedlings in nurseries were affected but also Pinus radiata plantations in the forest. Thus, the pathogen has spread out over several pine forests of northern Spain producing substantial economical losses. Consequently, a resistant and viable pine species is required as alternative. The susceptibility of fifteen conifer species was tested in laboratory conditions measuring the germination of seeds and mortality of the emerged seedlings. In addition, a complementary field experiment was also established to evaluate natural infection of different conifers. Chamaecyparis lawsoniana and Sequoiadendron giganteum obtained the best results in the assay developed in the laboratory. On the contrary, the whole of P. radiata seedlings died, confirming that it is the most susceptible species, despite this species (together with Pinus pinaster) showed the highest growth in the control stand of the field assay. Natural infection did not occur during the first two years after plantation.
INTRODUCTION
Pitch canker is a disease of pine species caused by the fungus Fusarium circinatum Niremberg & O'Donnell. The pathogen causes shoot die-back in adult trees (Correll et al., 1991) and is able to infect seedlings, thus causing damping off, shoot and tip die-back and the death (Viljoen et al., 1994) . However, the most common symptom of the disease is a bleeding, resinous canker on the trunk, terminals or large branches (Hepting and Roth, 1946) . The canker is usually sunken and the bark is retained, whereas the wood beneath the canker is deeply pitch-soaked (Dwinell et al., 1985) . Since it was first detected in Spain during the winter of 2003 -2004 (Landeras et al., 2005 , the pathogen has spread along the north of the country affecting mainly Pinus radiata in nurseries and plantations. This pine species is the most *Corresponding author. E-mail: pmtnez@pvs.uva.es. commonly used exotic conifer for reforestation in northern Spain, covering an area of approximately 200,000 ha and producing 25% of the conifer timber in Spain (Hermoso et al., 2007) . The presence of F. circinatum is a threat to the productivity in nurseries, pine plantations and native pine forests in Spain, and to the industries relying on them (Pérez-Sierra et al., 2007) . Due to the economical and yield losses, an alternative species to radiata pine in the affected area is necessary. The aim of this study was to detect species resistant to Pitch Canker disease with high productivity in the area where F. circinatum is present.
MATERIALS AND METHODS
Two different assays were performed to evaluate the susceptibility of the conifers. The first one was developed in the laboratory. A total of 15 different species (Table 1) were tested in this assay. Sixty four seeds of each one were washed repeatedly with sterile distilled water, left immersed in the water for twelve hours, and then v:v) . Half of the seeds were inoculated pouring one milliliter (1 ml) with one million spores of FcCa6 isolate of F. circinatum. To the other half of the seeds, 1 ml of sterile distilled water was poured and used as the control treatment. Seeds were watered once a week with 20 ml of sterile distilled water. Seed emergence was measured once a week and the number of dead seedlings were counted twelve weeks after the sowing. At the end of the experiment F. circinatum was re-isolated from the seedlings (10% were checked) to verify that it was the cause of the lesions. The second experiment was performed in the field. Four different sites were selected in the province of Cantabria (Figure 1 ). In three of them the presence of the pathogen was confirmed and the other one was located in a F. circinatum-free area (control). Thirteen different conifer species were tested in this case (Table 1) . Seedlings were planted in June of 2009. Every two months, sites were visited to look for symptoms and to measure collar diameter, height and diameter of the crown of the seedlings.
RESULTS AND DISCUSSION
In general, emergence rate of the species tested in the lab assay were slightly affected by F. circinatum. The lowest number of emerged seedlings after F. circinatum inoculation appeared on Abies alba, Pinus pinaster and Pinus uncinata. On the contrary, species like Sequoiadendron giganteum, Picea abies and Chamaecyparis lawsoniana got same emergence rate when F. circinatum was added to the substrate than in the control treatment. The species Juniperus thurifera, Libocedrus decurrens, Pseudotsuga menziesii and Sequoia sempervirens could not be used in the assay because they did not get enough number of emerged seedlings even in the control treatment.
In relation with the survival of the emerged seedlings, the most resistant species to the Pitch Canker disease were C. lawsoniana and S. giganteum. In both cases the number of healthy seedlings was the same in the treatment in which the pathogen was inoculated than in the control one. On the other hand P. radiata was severely affected by F. circinatum killing all emerged seedlings. The rest of Pinus spp. tested were also very susceptible to the disease, and less than 20% of the seedling survived in all cases. Despite Picea abies did not show any effect in the emergence, almost 60% of the seedlings died twelve weeks after the sowing.
The results of this assay confirmed P. radiata as the most susceptible species to the Pitch Canker disease. Other studies like the one performed by Viljoen et al. (1995) and Gordon et al. (1998) had already proven this statement.
In the assay developed in the field, natural infection did not happen eighteen months after the plantation. Until then P. radiata and P. pinaster species showed highest growths. On the contrary A. alba and P. abies were the species with the slowest growth. More time is needed to see the effect of the pathogen over the health and growth of the different conifers planted.
To our knowledge, except for P. radiata, P. pinaster, P. menziesii and S. giganteum (Mccain et al., 1987; Gordon et al., 1998 Gordon et al., , 2006 Landeras et al., 2005) , this is the first time susceptibility to Pitch Canker disease of these species is checked. J. Agric. Ext. Rural Dev. 
Conclusions
Regarding the performed assays, C. lawsoniana and S. giganteum seem to be the best alternative to Monterey pine among the studied species, but it is necessary to wait for the results of the field assay in order to detect some other productive species alternative to the culture of P. radiata.
